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Description 



This invention relates to hydrogen peroxide-tree deaners for use in the '^f 06 ^^^^.^^^ 
grated droit substrates, rrKJrepartc^y tor deari 
surface smoothness. By the processor tjfeiiivefitloit.dear.eis free tfty 

6 ^dearfr« J ofiraegTatedc^ 

orgarfcandinXcontamina^ 

Tc>RcUlandcc<Tpris^ 

HP2. 28% N^OhWhP) to remcve organic impurities and copper ccrtarpir^on to»« 
dSng tasks can be aaarpfehed with SC-1. among these, the dearing ot sdtoon ^ JT^^f* *^ 
tebri.thedeani^ of such wafers inwed^ 
me IC processing se*enee.aitdsdecftreet^ 

TreaJn^of^e wafer surfaces with the hot SC-1 a RCA-1 sdubon is generally W^* 1 * a 
toJnTsSz or RCA* to remove metals urtoudted by the S&1 or RCA-1 s^ 
comprises hydrogen peroxide. liyoYochloric add eiid water (1:1:5 d 

^XsoU^SCM and SC* contain r^enpercrfoaThep-poseoftta 

surfaceisnotwar^Uaiany.nistheniMC*^ 
inrthTdeaii^a 

TlTp^ce of nydroo^peroxiaflintrwfomuiatkjns imparts an inherent Inslabirrty to^ futons. Such»"u- 
tk)ns tvSTe^ pWcde tetf-fi^ of lass than one hour at 70°C The hydrogen peraxrie n the S&1 arfufconjn 
££££ oTc«SbS, pertatet, copper and iron, becomes unstad e ard de^rnposes 
tonic^^ng to puto .UaHy darqen^awttons. The r^drogen peroxide has a ^^ efai ^ m f^ 0f ^r^; 
ASS^edeco^^ 

sM toorScon e^Vcdud^Ss that are not acceptable for 1C manufacture. Thus, the ^«« 3nn P os « d j^?«" 

JnTtt^lnadditto^^ 

t^TSuction of the SC-1 or RCA-1 solution, there have been prcposais 
inan ainmorium hydioxito to dean 

as tetramethytarnmonium hydroxide (TMAH) or tnmetrtyt-2-riydroxyijJhyl ammoraum hydrewfe (™*> ^ 0 ~*£ 
£?Eu«ipear^^ 

in U.S. W.919 are unacceptable tor high density integrated drcu»fnanufadureJ ^"^^^f^ 
de«^acasewhereao>fflterr^ 



^v^Sd^pero^ 

wHhoirt iiweasitig surlaee miac«^^ 
JojJ^iwte^o^e^^ 

^S^lSZmnS^ without ceasing surface rricrorcughnees and leaving « wife 
rSSti surface suitable tor further prcc-ting where an oxides«*ce is not ^ * use S 

inventton is to dean such wafer surfaces of metal «»t»rina8™wiih«rfre 
™Zafcsu*asHF.usedtora^ 

cC^suchwa^r suSSs of metal cxxrtarrinatton without increasing wafer surface rrucnxoughne« by us-ng oriya 
watsX^c?^ 

^a^nore particularly, using an aqueous quaternary ammonium hydroxide solution free of 

*£5EZ SerTS everTstJD further object of this invention is to ^^J^^™£»%^ 

deartn^ in wowssed wafers of res^ 

SsinvLionistD^^ 

n^^thlnabc^S Angstrom as the averag distance in the ZaTredton between wafer peak heights and valleys. 
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These objects have been achieved by a process for deaning mtaoelectrortic wafer surfaces in order to remove 
metal contamination without increasing surface microroughness. using hydrogen peroxide-free deaning solutions com- 
prising an aqueous, alkaline metal ion-free base and an amphoteric surfactant, which comprise contacting the wafer 
surface with the deaning solution for a time and at a temperature sufficient to dean the wafer surface. The deaning 

peroxide-free aqueous alkaline deaning corrposrtions produce effective wafer deaning action against metal contami- 
nation without producing undesirable wafer roughness. As the data in the following examples demonstrates, deaner 
compositions containing only the aftaline base alone are unable to produce effective deaning action as well as not 
producing uncfoe wafer surface roughness, La. a Z-range roughness of 25 Angstroms or less. 
10 The at^eous, alkaline deaning corrpositeB used in the process of th^ 

component in an amount of up to about 2S% by weight, generally from about 0.05 to about 1 0% by weight, and an 
amphoteric surfactant in an amount of up to about 1 0% by weight, generally from about 0.001 to about 10% by weight, 
and preferably about 0.01 to about 5* by weight of the total deaner composite 

composition being made ip of water, preferably high purity defonized water. Optionally, the alkaline deaning composl- 

13 tions used in this inverrfion rnay contain u^ 

by weight dan organic solvent 

Any suitable alkaline component may be used inthedeaner compositions of 
of these deaners are preferably quaternary ammonium hydroxides, such as tetraafkyl arrwrioaiuni hydroxides ftndudtng 
hydroxy- and afl<oxys»ntainmg alky! groups generally of from 1 to 4 carbon atoms m the alkyl or ataxy group). The 

so most preferable of these afra&ne materials are tetramethyl ammonium hydroxide and Wrnethy1-2^roxyethyl ammo- 
nium hydroxide (choline). Examples of other usable quaternary ammonium hydroxides indude: trimethyf-34iydr^^ 
anrooniwn hydroxide, trin>«eiyl-3-hydrox>butyl ammonium hydroxide. m'm^-44iydraorybutyl ammonium hydroxide. 
triet^2-riydraxyethyl ammonium hydroxide; triprc)pyl-2-tydraxy^ ammonium hydroxide, tr*utyl-2-hydrcKyethyf 
arwrtonium hydroxide, dim^ethyl-2-hytfroxyethyl arnmonhin hydroxide. dbrnemyldi(2-fiydfoxyethyf) ammonium 

25 tydroxide. rnonornetr^^ 

hydroxide, tetrabutyl ammonium hydroxide, morornethyttriethy! ammonium hydroxide, monomethyttripopyl ammonium 
f^drmda mormiethyMu^l ammonium hydroxide, nxroethyltrimethyl ammonium hydroxide, rnonoethyftnlxrtyl 
ammoniwii hydroxide. cfimelhykSethyl ammonium hydroxide, dimethyldfoutyl ammonium hydroxide, and the like and 
mixtures thereof. 

so Other alkaline components are also operable induding, for example, ammonium hydroxide, organic amines partic- 
ularty alkanolamines axtias g^minoethwl, 1-arrrino-2-proparK)l, l-amino-3-propanol. 2K2^noethoxy)ethanol,2- 
(2^rx>ethytamino)ethanol. 2^^noetf?ytemino)ethy!amme and the 13®. and other strong organic bases such as 
guankfine. Alkaline solutions containing metal ions such as sodium or potassium may also be operative. Mixtures of 
these additional alkafine components, particularly ammonium hydroxide, with the aforementioned tetraafkyl ammonium 

ss hydroxides are also useful and are generally preferred. 

The aqueous alkaline deaner compositions of this invention contains any suitable arnphoteric surfactant Among 
the various arnphoteric surfactants useful in the cleaner (impositions of this invention, there may be mentioned, for 
example, betaines and sultobetaines such as afcyt betaines, amfctoaDcyl betaines. alkyl suffobettrnes and arradoalkyl 
sutfobetaine6; amirx>cartXKyfic acid derivatives such as amphogrydnates, amphopropionates. anphocfiglydnates. and 

40 ainpfiodpropfonates; imlnodiacids such as altoxyaScyl iminodiacids or aJkoxyatkyl tninociacids; amine oxides such as 
alkyl amine oxides and aflcytamkto alkylamJne oxides; fluoroalkyl sulfonates and fluorinated alkyl amphoterics; and mix- 
tures thereof. 

As examples of amphoteric surfactants useful in the dearer composition of tf&^ 
for example: 
45 betaines and sultobetaines of the formula 



R N* R, Z 

CH 3 
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wherein R is afcyl or 

O 

R z — C NH R — , 



Z" is COO" or SO3-. R> b alkyl or hydioaJkyl, R* is alkyl of up to about 20 caibon atoms, preferably diout 12 to 
10 15 carbon atoms, and FP fe alkyl; amphoglyanates and aii^iopropionales of the formula 

O R 6 Y-H 

4 1 5 ' 

R 4 — C NH R 5 — M 

15 \ 

R, X 



wherein R« is aOcyl of ijptoabout 20 carbon aton^ 

ar eachmaTvicfuaIfy alkyi Y is Oor COO and X is CCK)H or O-H^-COOH wherein R8 is alkyl; 
tminodiacids of the formula 

25 R 11 COOH 

R»— O— — R 10 1/ 

\ „ 
R I2 COOH 



wherein R 8 is alkyl of iptoabout20 caibon atoms, preferably about 10 to about 15 carbon atoms, and R", R 11 and 
R12 are each individually alkyl; 
amine coddes of the formula 

R 15 N*-0 

R 1 ^ N R 17 



wherein R" is alky! or 



O 

R u C NH R 15 - 



50 



wherein R™ is alkyl of up to about 20 cartoon atoms, preferably about 12 to about 15 carbon atoms, and R« Rieand 
Rtr are each individually alkyl; . „ . ... 

andfluoroaD<ylsuitonatesandfluorinrt 

otherwise definedwffl preferably generally be lower alkyl dfiom 1 to4carbon atoms. 

As examples of such amphoteric surfactants useful in the cleaner compositions of this invention, there may be 
mentioned, for example, cocoafrtdopropyl betaine. cocoamdopropyl dimethyl betaine. cocc«iridoptopyl hydroxy 
suttaine. ca«>rvlcarnprtodirxopiona^ ca»amio^ropionate. coccarrphcprcpicoate. c«x>anphori»droxyethyl propion- 
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ate. isodecyksxyprc^rrtno <f propionic acid. lauiyGmim diprcpionate, coooanticfcpropylamine oxide and cocoamine 
oxide and ftuortnated aftyl arrphoterics such as Ruored FC-100 of 3M Specif 

The clearing solutions of this invention can be used as is or formulated with adcfitional components such as any 
suitable metal chelating agents to increase the capacity of the forrrul^^ 

s of chelating agents for this purpose are the following organic acids and their salts: ethyfenecfiarninetetraacettc acid 
(EDTA), butylenediamirtetetraacetic acid, cyctohexane-1 ,2<fiairirtetetra-acetic acid, cfietriylefietriamm 
acid. ethytenedBartinetet^ acid, (hydraxyethyQethyterttfi^ acid (HEDTA), methyiimnodiacetk: 

acid, propyferreefi amin e te liaacetic acid, nitrolotriacetic acid (NTA), citric add, tartaric acid, gluconic acid, saccharic acid, 
gr/cerfc add. oxalic acid, phthafic acid, maJeic acid, mandelic acid, maloruc acid, lactic acid, saiicyfcactd, catechol, 8- 

10 hydroxyqutnofine, N,N,tf.r\r-ethytonedi^^ acid, and the Oka 

Also, tte adeftion of a popyiene gl^ 
as n-butoxypropanol, is also beneficial to enhance detergency and increase the metal holding capacity of the cleaner 
composition A preferred formulation will contain both a propylene glycol monoalcyl ether organic solvent and a metal 
chelating agent, preferably ethytenecfiamirietetraacetfc acid and n-butoxypropanol. 

15 In the cleaner compositions used in the process of this invention, the alkaline component will generally be present 

io.an.arjpurit^^^^ 

by weight and preferably in an anKurttoffromaftXftftO.1 toaboU 

be present in an amount of up to about 10% by weight generally in an amount of from about 0.001 to about 10% by 
weight, and preferably in an amount of from about 0.01 to about 5% and more preferably in an amount of from about 
so 0.1 to about 1% by weight. 

rf a metaJ chelating compound is included in the cleaner compositions, the metal chelating agent may be present 
in an arrKXjnt up to about 5%, generally in an amount of from about 0.05 to about 5% and preferably in an amount of 
from about 0.5% to about 2% by weight Similarly, if a propylene glycd ether organic solvent is employed in a cleaner 
composition of this tnventk^ in an amount of from about 0.05 

25 toabout5%arx*preferably*ianBmoum erf from The remaining balance of the dean^ 

composition being made up of water, prefacably high purity deionized water. 

As an example of a piefojiuJ clearing composition of this Invention, there may be mentioned, for example, an 
aqueous solution containing 0.08% by weight tetramethylamrnonium hydroxide (TMAH), 02% by weight ammonium 
hydroxide, 0.08% by «e«tt moaatta^ (0.2% Rewoteric AM KSF-40) surfactant of Sherex 

30 Chemical Company, 1£*by weight otutoxypropanol and 0.1% by weight eth^enediarrsnetetraacetic acid (EDTA). 
The inventai is iis*ate4 

unless specified otherwisa The examples illustrate the surprising and unexpected result of this invention in cleaning 
wafer surfaces arid preventing miCTor^ 
levels without an acid treatment step 

35 In the following examples, the cleaner compositions were afl prepared in polyethylene or polytetraf iuoroethylene 
containers. New 3" double-sided polished sfficon wafers (P doped, <1 00) crystal lace) were placed in cleaner solutions 
for ten minutes at the stated temperatures. After ten minutes in the cleaning solutions, the wafers were removed, rinsed 
in deionized water and analyzed. After treatment, the "R z roughness" (defined as the average distance in the Z direction 
between peak heights and valleys) was measured for each cleaner composition. Metal levels were determined using a 

40 contoination of vapor phase deposition/inductively coupled plasma/mass spectral detection. Roughness measurements 
were made with eitfier an atomic force microscope or a profilometer, such as a Tencor Alpha step 100. 

In the examples, the concentration of amphoteric surfactant is the weight percent of toe commercially available 
surfactant indicated in the following table. 

45 



SO 
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Iheairphoterk: surfactants enpJo^ 
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Chemical Description 


Manufacturer 






Lonza. Inc. 




oocoanftidodyropionate 


Lonza, Inc. 


AfrmhcsflTDd K 


oocoanryhohytitmyettiylpropion^ 


Lonza, Inc. 






Lonza* Inc. 


Barlox12 


cocoaamine oxide 


Lonza, Inc. 


Lorraine CO 


cocoanwiopropyl betaine 


Lonza. Inc. 


RuoradFC-100 


ftuorinated alkyl amphoteric mixture 


3 M Specialty Chemicals 


Amphoteric SC 


aityltmtnoack) 


Exxon Chemical Ca 


Alkali Surfactant NM 


altaxyalkyi mnoacid 


Exxon Chemical Ca 


RewoterfcAMCAS-15 


cocoemidopropyl hydroxy euJtaine 


Shew Chemical Ca 


Rewoteric AM IP 


laurySimffiocfipiopk)nate 


Sherex Chemical Ca 


Rewoteric AM 2CSF 


ooccarnphocfiprcponate 


Sherex Chemical Ca 


Rewoteric AM KSF-40 


cocoamphul lyiii axyethytproplonalB 


Sherex ChemfcaICa 



EXAMPLE 1 

m pared Wafers were placed in these solute water. After 

drying, the -R, roughness" was measured. The resutls. set for* in Table 1, dearly shew 
fectante to prevent a moderate to 
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of the cleaning solutions listed below have pH>12. 



to 
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Table 1 



30 



Effect of Amphoteric Surfactants on TUAH Cleaners at 50°C 


Comparative TMAH Solutions 
without Amphoteric Surfactant 


TMAH Formulation Containing Amphoteric Surfactant 


WtttTMAH 


R z Roughness A 


Surfactant 


Wt% 


R x Roughness A 


0.1 


100 


Amphoterge KJ-2 


0.004 


<25 


1.0 


350 


Amphoterge KJ-2 


0.04 


<2S 


10 


1,500 


Amphoterge KJ-2 


0.04 


100 


10 


1,500 


Amphoterge KJ-2 


0.4 


30 


10 


1.500 


Amphoterge ICI-2 


4 


40 


10 


1.500 




— 10— 


200 






— Amphoterge-KJ-2 — 






0.5 


275 


Amphoterge KJ-2 


0.1 


<25 


0.5 


275 


Amphoterge K-2 


0.1 


<25 


0.5 


275 


Amphoterge K 


0.1 


<25 


0.5 


275 


LonzaineCO 


0,1 


<25 


0.5 


275 


Rourad FC-100 


0.1 


<25 


0.5 


275 


Amphoteric SC 


0.1 


<25 


0.5 


275 


Afkai Surfactant NM 


0.1 


<25 


0.5 


275 


RewotericAMCAS-15 


0.1 


<25 


0.5 


275 


Rewotewic AM IP 


0.1 


<25 


0.5 


275 


Rewoteric AM 2CSF 


0.1 


<25 



35 EXAMPLE 2 

The wafers for this example were treated in the same manner as Example 1 except that the cleaning temperature 
was 70°C. The results, set forth in Table 2. dearly showthecapaNQtyofampM 
the rougher* ng of silicon surfaces that accompanies exposure to afl^inesoiufons. AH ^ 

40 



45 



SO 
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pH>12. 

Table 2 



Effect of Amphoteric surfactants on TMAH Cleaners at 70*C 


Comparative TMAH Solution 
without Amphoteric Surfactant 


TMAH Formulation Containing Amphoteric Surfactant 


wt%TMAH 


Roughness A 


Surfactant 


wt% 


R z Roughness A 


0.1 


6,000 


Amphoterge KJ-2 


0.004 


<25 


1.0 


8.500 


Amphoterge KJ-2 


0.04 


<25 


3.0 


8,200 


Amphoterge KJ-2 


0.4 


50 


5.0 


3.000 


Amphoterge KJ-2 


0.4 


50 


0.5 


1.000 


Amphoterge K-2 


0.1 


<25 


0.5 


1.000 


BarloxC 


0.1 


<25 


0.5 


1,000 


Bariox12 


0.1 


<25 


0.5 


1.000 


RewotericAMCAS-15 


0.1 


<25 


0.5 


1.000 


Rewoteric AM KSF-40 


0.1 


<25 



EXAMPLE 3 

Wafers for this example w*^ 
90«a The results, set tath in 3. 
roughening of sflkxxisurfac*^ 

Table 3 



Effect of Amphoteric Surfactants on TMAH Cleaners at 90°C 


Comparative TMAH Solution 
without Amphoteric Surfactant 


TMAH Formulation Containing Amphoteric Surfactant 


wt%TMAH 


R, Roughness A 


Surfactant 


wt% 


Rx Roughness A 


0.5 


28.000 


BarloxC 


0.1 


<25 


0.5 


28.000 


Bar1ox12 


0.1 


<25 



EXAMPLE 4 

The wafers for this example were treated in the same manner as Example 1 using a variety of alkaline ctearting 
components including: tetramethyiainmonium hydroxide fTMAr-T), tetraethylammonfum hydroxide (TEAH). choline (2- 
rtvdroxvetrryrtrimethytarmxx^ hydroxide), and ajnrortiurn hydroxide (NH4OH). The results are set forth m Table 4 for 
antaBwcormotertaridaurfartartc^ 
of STC lor ten minutes. Ea*d trie 

2 was omitted. When the arnphoteric surfactant was present however, there were no signs of etching for any of the 
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treatments. 

Table 4 



Alkaline Component 0.5% 


Surfactant 0.1% 


R, Roughness A 


TMAH 


None 


275 


TMAH 


Ampboterge KJ-2 


<25 


TEAH 


None 


75 


TEAH 


Amphoterge KJ-2 


<25 


Choline 


None 


600 


Choine 


Amphoterge KJ-2 


<25 


NH4OH 


None 


300 


NH4OH 


Amphoterge KJ-2 


<25 



so EXAMPM5S 

the results from this example stow tto excellent metal 
when compared to conventional SC-1 containirigonepan30%hyoVogenpero»^ 

and five parts water, ail by volume The cleaner composition of this invention (Formulation A} is composed of the following 
25 components: 97.4 wt % water, 0.08 wt % tetramethytammonium hydroxide. 1.9 wt % n^oxypropanol. 0.1 wt. % 
ethylenediamu^etraacetic acid. 0l2 wt % ammonium hydroxide and 0.1 wt % Rewoteric AM KSF-40 amphoteric sur- 
factants 

Waters were cleaned 1or 10 minutes aft 70°C. Table 5 shows the effect of this tr^^ metal contami- 

nation on the wafers which was measured using hydrogen fluoride vapor phase decomposition followed by inductively 
so coupled pia&ira with massspectiaide^ 
purposely contamiriatrt 

shows the superior metal hokfng capacity of Formulation A even if it is highly contaminated by metals, 7 

Table 5 



35 



40 



Wafer Treatment 


x 10° atoms/cm* 




Aluminum 


Copper 


Iron 


None (as received) 


2.500 


<8 


159 


Conventional SC-1 


1.867 


<8 


193 


Formulation A 


<20 


<8 


60 


Corrtaminated SC-1 


15,300 


2,100 


1,600 


Contaminated Formulation A 


5.000 


<8 


200 



46 



EXAMPLES 

so Cleaner composition Formulation A of Example 5 was used to dean three uriustf 

polished on both sides. P doped) for 10 minutes at 70*C Roughness measurements were made with an Atomic Force 
Microsojpe on the wafers before 

A in reducing miaoroughness on polished wafers. Two different roughness measurement parameters are shown for 
comparison R z as previously defined, and "mean roughness* (RJ which is defined as the mean value of the surface 



8NSOCCID: <EP_06804BM2J„> 



9 



EP 0690 483 A2 

relative to the center plane and is calculated using : 



- — Ji* ^|f(x,y)|dxdy 



70 



15 



20 



where J(x,y) is fte surtax 

Table 6 



Wrier 


R, Roughness (nm) 


Mean Roughness (Ra) (nm) 


#1 (as received) 


13.82 


0.993 


#1 deaned in Formulation A 


223 


0227 


#2 (as received) 


61.81 


2.89 


#2 deaned in Rymrfation A 


4.42 


0.511 


#3 (as received) 


2.38 


0.188 


#3 deaned in Formulation A 


2.12 


0.172 



40 



FY Ail Pi P 7 

Flamed 57 irm silicon wafers wwe used wr^ 
ination Triesewafereweredaa^asin Exarr^ 

rXcSS^mass specta^ccpy (POMS). This technique Mm. .heafing to^earry^en^c 
rrateriaJs^ 

The Wghserw^dPCWSallcw detection 

ThVunSwalerwass^ 
sho^t^iwri^peate (33 arid 337 mass uiits)^ 

"S^SSPSSSSmm equipment 
S^^ur^er^roeate (300. 335. 371. 411.436 and 533 rr^ 

than the untreated control. A water cleaned as in ^^^^^^J^VS^i^VSm 
mass peaks (300. 335 and 374 mass units), i.a less organic contammaton ^^J^^^f^^T^™ 
Forrnu^ A cleaning procedure reduces residual volatile organic inpurWes or^wafer to 
SC-i treatment This test shows that negUgWeresfcfue was left ty the «^ 
that further IC processing can proceed wilnrxrt Irterterence. 



Claims 

4$ 1 A process tor cleaning a rrecrodecborrics wafer surface to remove metal contarrination white maintaining wafer 
smootrmese. said process cenprislrfl 

to dean the wafer surface, said clearing ccrrposrtion cornprising an aqueous, metal ion-free base and an 

arnphot eric surfactant 

so 2. A process according to Claim 1 wherein the alkaline cleaning sdulkxic»rrprisesfrOT about 0 
by weigM metal iwvliee base and frw 

3. AproeessaceordiifltoejyawofCW^ . 

arrmwtiumhydroxite.aatet^ 
ss o/oupw an aDcyl group suteartutedwto^ 

4. A process according to Claim 3 wherein the metal ion-free base is selected from 
tetrametrrytarrarnrtium Hydroxide, tetraethylan^roraum hydroxide. trimefnyl-24ryoroxyethyt ammonium nydrcodoe. 
ammonium hydroxide, and mixtures thereot 
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5. A process aooonf ng to any one of Claims 1 or 2 wherein the metal ion-free base is an aflcanolamine or guanidine. 

6. A process accortfing to any one of Claims 1 to 5 wherein the amphoteric surfactant is selected from 

betaines, sutfobeftaines, aminocaiboxyfic acid derivatives, tmtrxxfiacirjs, amine oxides. ftuoroaOcyt sulfonates. 
s andftuorinated alkyl amphoterics, and mixtures thereof. 

7. A process according to Claim 6 wherein the amphoteric surfactant is selected from 

aikyi betaines. amktoalkyl betaines, alkyi suffobetaines, amphoglycinates, amphoproptonates. amphodiglycinates, 
anphcxfipropionates, aikoxyalkyf imtmxfiacids, alkoxyaikyl inraraxfiackfc, alkyl amine oxides, aB<y1amjctoaB(ylamine 
10 oxides and fluorinated aikyi amphoterics. 

a A process according to Qaim 7 wherein the amphoteric surfactant is selected from 

cocoamictapropyl betaine. cocoamidopropyl dimethyl betaine, cocoamidopropyl hydroxy 6ultato, capryioamphodi- 
propionate. axxamidcxlipropionate, coooanphopropionate. oocxianphohydroxyethyl propionate, isodecyloxypro- 
75 pyfimino dipropionic acid, lauryfimino dipraptonate. coooamidcxxcpylanriine oxide and cocoamine oxide and 
fluorinated alkyl amphoterics. 



9* A process according to Claim 8 wherein to 
ooooamphohydroxyethyt propionate. 

so 

10. A process accorclng to any orra of Claims 

chelating compound in an amount up to about 5% by weight and a propylene gycd ether organic solvent in an 
amount up to about 5% by weight. 

25 11. A process accenting 1o Claim 10 wherein to metal ion-free base comprises ammonium hydroxide and tetraalky- 
(ammonium hyitauda. to amphoteric surfactant comprises cx^oanphohydroxy^hyi propionate, the metal chelat- 
tng compound comprises ethytenedraminete*^^ 

n-butoxypropanoL ■* 

so 12. A hydrogen peroxide-free alkaline cleaning solution tor cleaning microelectronics wafer surfaces whSe maintaining 
wafer smoothness comprising 

an aqueous, metal ion-free base. ; 

an anphoteric surfactant 

a metal chelating compound and 
35 a propylene glycol ether organic surfactant 

13. A cleaning solution according to Qaim 12 wherein the metal ion-free base is selected from 

ammonium hydroxide, or a tetraaikyl ammonium hydroxide wherein the alkyl group is an unsubstituted alkyl group 
or an alkyl group substituted with a hydroxy or alkoxy radical and mixtures thereof, and the anphoteric surfactant 
40 is selected from the group consisting of betaines, suttobetaines, ammocarbaxyfic acid derivatives, iminocfacids, 
amine oxides. tluoroaBcyl sulfonates, and fluorinated alkyl amphoterics, and mixtures thereof. 

14. A cleaning solution according to Claim 1 3 wherein the metal ion-free base is selected from 
tetramethytammonium hydroxide, tetraethylammontum hydroxide. trimethyl-24iydraxyethyl ammonium hydroxide. 

4$ ammonium hydroxide, and mixtures thereof, and the amphoteric surfactant is selected from the group consisting of 
cocoamkJopropyl betaine. cocoa m ido pro pyl dimethyl betaine. cocoamidopropyl hydroxy sultatne, caprytoanphodi- 
propionate. cx>cx«mjckxJipropiortfrte. coooanphopropionate, cocxarnphohydraxyethyl propionate, isodecytoxypro- 
pyfimino dipropionic acid, laurytimino dipropionate, coooamklopropylamine oxide and cocoamine oxide and 
fluorinated alkyl amphoterics. 

so 

15. A cleaning solution according to Claim 13 wherein to metal ion-free base comprises ammonium hydroxide and 
tetraafkytammonium hydroxide, the anphoteric surfactant comprises cocoanphohydfioxyethyl propionate, the metal 
chelating compound ccnprises ethytenediaminetetraacetic acid and the propylene glycol ether organic solvent com* 
prises n-butoxypropartol. 

55 

16. A cleaning solution according to any one of Claims 1 2 to 1 5. wherein the aqueous, metal iorvfree base is present 
in an amount from about 0.0S% to about 2S% by weight to amphotm surfactant i^ 

toabout 10% by weight, to metal chelating compound in an amourt from abo^ 

to propylene glycol ether organic suifeu^ from about 0.0^ to about 5% by weic^ 
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